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AUTOMATIC POWER CONTROL IN UNCOORDINATED 
FREQUENCY-HOPPING RADIO SYSTEMS 

BACKGROUND 

The invention relates to radio systems that apply frequency hopping 
' (FH) spread spectrum techniques. More particularly, die invention relates to power 
control techniques for use in radio systems in which several, uncoordinated and non- 
synchronized FH systems cover the same area. 

In the past few decades, progress in radio and Very Large Scale 
Integration (VLSI) technology has fostered widespread use of radio communications in 
consumer applications. Portable devices, such as mobile radios, can now be produced 
having acceptable cost, size and power consumption characteristics. 

Although wireless technology is today focused mainly on voice 
communications (e.g., with respect to handheld radios), this field will likely expand in 
the near future to provide greater mformation flow to and from other types of nomadic 
devices and fixed devices. More specificaUy. it is likely that further advances in 
technology will provide very inexpensive radio equipment diat can be easily integrated 
into many devices. This will reduce the number of cables currently used. For 
example, radio communication can eliminate or reduce the number of cables used to 
connect master devices with their respective peripherals. 

The aforementioned radio communications will require an unlicenced 
band with sufficient capacity to allow for high data rate transmissions. A suitable band 
is the Industrial. Scientific and Medical (ISM) band at 2.4 GHz. which is globally 
available. The band provides 83.5 MHZ of radio spectrum. 

To allow different radio networks to share the same radio medium 
without coordination, signal spreading is usually appUed. In fact, the FCC in the 
United States currently requires radio equipment operating in the 2.4 GHz band to 
apply some form of spreading when the transmit power exceeds about 0 dBm. 
Spreading can be either at the symbol level by applying direct-sequence spread 
spectrum or at the chamiel level by applying frequency hopping (FH) spread spectrum 
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The latter is attractive for the radio applications mentioned above since it more readily " 
allows the use of cost-effective radios. 

The range of a radio link is generally detennined by the transmit power 
of the sender in conjunction with the receiver sensitivity of the recipient, the receiver 
5 sensitivity being that received signal level for which acceptable reception is just 

possible. The receiver sensitivity is normally determined by the noise characteristics in 
ttie receiver which in turn depend on die bandwidth and allowable supply currents. 
CSenerally . the receiver sensitivity of a radio is fixed at the time of manufecturing I„ 
contrast, the transmit (TX) power is usually a variable. Apart from hardware and 
10 power supply limitations, tiie maximum TX power is limited by govermnent 

regulations. Even in an unlicenced band like the 2.4 GHz ISM band, maximum TX 
power is limited to 1 W. However, in the type of applications mentioned above it is 
umiecessary to fix tiie TX power at it maximmn. Rather, the TX power is regulated 
down such that tiie recipient receives a just sufficient amount of signal power for 
acceptable link quality. Reducing tiie TX power to tiie level just needed wiU reduce 
power consumption, tiiereby not only extending battery Me, but also reducing 
interference. Reduction of interference is especially hnportant if many uncoordinated 
radio networks share the same medhun. 

The TX power should always be controlled to an acceptable minimum in 
order to maintain acceptable link quality. In the type of applications mentioned above, 
tiie communicating radio units are peer miits. and each seeks to reduce its TX power as 
much as possible. This results in a closed-loop power control algoritiim. in which tiie 
recipient informs flie sender to increase or decrease its TX power depending on tiie 
receive conditions. Such an automatic power control scheme has been described by 
G.H. Hammer, in U.S. Patent No. 5,465.398. issued Nov. 7, 1995 ("Automatic Power 
Level Control of a Packet Communication Link"). This patent describes a procedure in 
which tiie TX power of tiie sender is regulated based on Received Signal Strengtii 
Indication (RSSI) in tiie recipiem. In accordance witii tiie described conventional 
technique, power control is relative in fliat tiie lowest RSSI value of a successfully- 
received packet is used as a reference value. "Successful" m tiiis context means tiiat 
tiie entire packet, including flie payload data, has been received wifliout error. For 
fliose packets tiiat are (successfully) received witii a higher RSSI level, tiie difference 
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bcnveen the higher RSSI level a.d fte reference vahe i. <,e.e™ined and conmmnicated " 
.0 sender, which can ten reduce iB TX power. P.cl»« tta, are no, auccsfcn, 
received are retransmitted at a higher TX power. 

The problem with this scheme is that it does not distinguish between 
range and interference. The failure to successfully receive a packet can be attributed 
either to the signal level being too low. or to the interference level being too high 
This is especially true in a situation in which many uncoordinated radio systems cover 
the same area: these systems will interfere with each other and packets will be lost due 
to collisions of different radio transmissions. Were an automatic power control 
strategy such as that described by Flammer to be employed under these conditions afl 
radio units would increase their power, which would only worsen the situation because 
the coverage area and therefore ti.e number of mumal interferers would increase In 
fact, the systems may become unstable. In an unlicenced band like the ISM band 
where operation of the radio units is uncoordinated and the radio miits operate 
independenUy of each other, a power control strategy based on interference win result 
m an unfan^ domination of that system having the largest TX power. 

An additional problem relates to the bursty interference conditions in FH 
systems: as the different systems hop uncoordinated through the spectrum the 
interference only occurs if they happen, by chance, to use the same hop frequency at 
the same time. Due to the hopping, the interference conditions change for ever, hop 
If the system hops at the packet rate, adjusting the power based on the successful 
reception of a packet is not very stable. 
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SUMMARY 

The foregoing and other objects are achieved in transmission power 
control methods and apparamses for use in a frequency-hopping radio system that 
transmits packets from a sending radio unit to a receiving radio unit, wherein each • 
packet mcludes an address designating tte receiving radio unit. In accordance with one 
aspect of the invention, the received signal strength of packets whose addresses were 
successmily received in ti,e receiving «dio unit is measured, regardless of whether 
other portions of tiie respective packets were successfully received; and an average 
signal strengtii value is generated from tiie received signal strength measurements A 
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mathematical difference between the average signal strength value and a target value " 
associated with the receiving radio unit is then determined, and used as a basis for 
deciding whether to send a power control message from the receiving radio unit to the 
sending radio unit. 

5 In another aspect of the invention, using the mathematical difference as a 

basis for deciding whether to send a power control message from the receiving radio 
unit to the sending radio unit comprises sending a power control message from the 
receiving radio unit to the sending radio unit if the mathematical difference is greater 
than a first decision boundary or less than a second decision boundary. 
10 In yet another aspect of the invention, the power control message may 

include the mathematical difference. 

In still another aspect of the invention, the power control message is 
received in the sending radio unit, which then adjusts its transmission power level unit 
by an amount based on the mathematical difference. 

In yet another aspect of the invention, adjusting the transmission power 
level in the sending radio unit by an amount based on the mathematical difference 
includes determining whether the amount based on the mathematical difference would 
cause an adjusted transmission power level to exceed a predefined maximum 
transmission power level. If the amount based on the mathematical difference would 
cause the adjusted transmission power level to exceed the predefined maximum 
transmission power level, then the transmission power level in the sending radio unit is 
adjusted to be no more than the predefined maximum transmission power level. 

In still another aspect of the invention, when the sending radio xmit is at 
the predefined maximum TX power level, a control message is sent from the sending 
radio unit to the receiving radio unit informing that a maximum transmission power 
level has been reached. 

In yet another aspect of the invention, die receiving radio miit responds 
to the control message from the sending radio unit informing that a maximum 
transmission power level has been reached, by sending no further power control 
messages to the sending radio unit that instruct the sending radio unit to further 
increase its transmission power level. 
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In Still another aspect of the invention, adjusting the transmission power 
level in the sending radio unit by an amount based on the mathematical difference 
includes determining whedier the amount based on the mathematical difference would 
cause an adjusted transmission power level to fall below a predefined minimum 
5 transmission power level. If the amomit based on the mathematical difference would 
cause the adjusted transmission power level to fall below the predefined minimum 
transmission power level, then the transmission power level in the sending radio unit is 
adjusted to be no less than the predefined minimum transmission power level. 

In yet another aspect of the invention, when the sending radio unit is at 
10 the predefined minimum TX power level, a control message is sent from the sending 
radio miit to the receiving radio unit informing that the minimum transmission power 
level has been reached. 

In stiU another aspect of the invention, the receiving radio tmit responds 
to the control message from the sending radio unit informing that a minimum 
15 transmission power level has been reached, by sending no further power control 
messages to the sending radio unit that instruct the sending radio unit to further 
decrease its transmission power level. 

In yet another aspect of the invention, the target value associated with 
the receiving radio miit is based on the receiver sensitivity alone, or adjusted to account 
20 for implementation losses and other inaccuracies. 

In still another aspect of the invention, generating the average signal 
strength value from the received signal strength measurements may include averaging 
signal strength values from the received signal strength measurements over a period of 
time extending over at least two frequency hops. 

In yet another aspect of the invention, the power conteol message is 
transmitted on a control chamiel established between the receiving radio unit and the 
sending radio unit. Alternatively, it may be included in a return packet that is 
transmitted from the receiving radio unit to the sending radio unit. 

In still another aspect of the invention, a highest permissible transmit 
power level is always used to send the power control message from the receiving radio 
unit to the sending radio unit. Alternatively , a first transmit power level is initially 
used to send the power control message from the receiving radio unit to the sending 
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radio unit. The power control message transnut power level is then graduaUy increased ' 
from the first transmit power level to successively higher levels until a reception signal 
strength level at the receiving radio unit has reached a predefined acceptable level. 

BRIEF DESCRIPTION OF TBE DRAWINGS 
5 The objects and advantages of the invention wUI be understood by 

reading the following detailed description in conjunction with the drawings in which: 

HG. 1 depicts an interference scenario involving four radio units 
employing high transmission power levels; 

HG. 2 depicts an interference scenario involving four radio units 
10 employing low transmission power levels; 

FIG. 3 is a block diagram depicting circuits at sender and recipient radio 
units for maintaining a power control loop in accordance with one aspect of the 
invention; 

FIG. 4 is a flow diagram of a power control procedure performed at the 
recipient radio unit in accordance with one aspect of the invention; and 

HG. 5 is a flow diagram of power control procedure performed at the 
sender radio unit in accordance with one aspect of the invention. 

DETAILED DESCRIPTION 
The various features of the invention will now be described with respect 
to the figures, in which like parts are identified widi the same reference characters. 

HG. 1 depicts two independent frequency hopping (FH) radio links 101 
103 operating in the vicinity of one another. Exemplary systems that utilizes such links 
are described in U.S. Patent Application No. 08/932.911. filed on September 17. 1997 
(Haartsen); and U.S. Patent Application No. 08/932.244. filed on September 17.' 1997 
(Haartsen), the entire disclosures of which are hereby incorporated by reference herein 
in their entireties. The coverage range of each radio unit is indicated by a dashed 
circle. Units A and B communicate according to one FH scheme, while units C and D 
communicate according to another FH scheme. The two radio links 101. 103 arc 
uncoordinated and occasionally make use of the same hop chamiel. Depending on the 
relative distances between the various units A. B. C. D. one or both transmissions may 
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faU in that case. In the case illustrated in HG. 1. the coverage areas arc such that 
collisions will indeed occur. Units C and D are in the coverage range of units A and 
B. and vice versa; A and B will therefore interfere with C and D and vice versa. 

HG. 2 illustrates a case in which the TX powers of the radio units have 
5 been reduced, resulting in the smaUer coverage areas depicted by the dotted lines in the 
figure. In this case, the signal strengths of the two systems axe insufficient to disturb 
each other's intended received signals, and collisions will not occur even if the two 
links use the same hop channel simultaneously. This concept is generally used in 
cellular systems where cham^els are reused at geographic locations spaced sufficiently 
10 apart so tfiat the mutual interference is too weak to disturb the intended signals. 

It is clear from FIGS. 1 and 2 that the TX power should always be set as 
low as possible since this will increase overall capacity (reuse gain). In addition, it wiU 
reduce power consumption and thus extend battery life. However, the strategy for 
determining the power level control should not be based on the interference level 
experienced, because such a strategy can result in both transceiver pairs increasing 
their power. When this happens, interference is not reduced, and power consumption 
is increased. 

In accordance with one aspect of the invention, power control is based 
on the absolute signal level received at each recipient. The TX power of the sending 
unit is adjusted to a level such that the received signal level is sufficiently large enough 
to overcome the noise generated in the receiver (receiver sensitivity) plus some margin. 

FIG. 3 is a block diagram depicting circuits at sender and recipient radio 
units for maintainmg a power control loop in accordance with one aspect of the 
invention. A closed-loop power control strategy is used, in which, in one respect, unit 
A tells unit B what TX power to use based on signal strength measur^ents taken in 
unit A; and conversely, unit B tells unit A what TX power to use based on signal 
strength measurements taken in unit B. In order to facilitate an understanding of the 
invention. HG. 3 depicts only those components involved in the procedure for 
controlling unit A's TX power. It wiU be readily understood that for controlling unit 
B's TX power, the same components and strategies would be employed, but with the 
roles of unit A and unit B being reversed. 
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Looking now at FIG. 3. unit B includes an RSSI measurement unit 301 " 
that generates an RSSI value based on packets received from unit A. Each transmitted 
packet includes an address portion (e.g.. in a header portion of the packet) that 
designates the intended recipient which, in this example, is unit B. Preferably, the only 
packets for which an RSSI measurement is made are those packets whose addresses are 
successfully received, regardless of whether other portions of the respective packets are 
successfully received. This is done in order to avoid having unit B regulate the power 
of umt A using packets erroneously received from a third unit (e.g.. a nearby unit C) 
To facilitate a determination of whether a packet's address has been correctly received 
forward error correction codes, such as header redundancy checks (HECs. which are ' 
the same as cyclic redundance checks, or CRCs) may be (and typically are) added to 
the packet. 

By only requiring that the address portion of the packet be successfully 
received, and not requiring that any other portion of the packet be successfuUy 
received, this aspect of the invention achieves an advantage in those situations in which 
the address, but not the packet payload (e.g.. data) has been successfully received 
(This can easily happen since packet headers are ^ically shorter than the payload 
portion, and include more forward error correction coding.) n,e advantage arises 
because by knowing at least that the packet was intended to be received by a particular 
receiving radio unit, that unit can still make an RSSI measurement on the packet, 
thereby enabling the power control mechanism to continue functioning (possibly' 
increasing the transmit power level so that subsequent packet payloads will be received 
with fewer errors). By contrast, conventional techniques that make measurements only 
on those packets that were successfully received in their entirety, can break down when 
erosion of the transmission link between the sending and receiving radio units causes 
no packets to be successfully received. In this case, no signal strength measur«nents 
are made at all. so.no power controls are generated and no closed-loop power control 
can be sustained in conventional systems. 

Returning now to a discussion of HG. 3. the packets are assumed to be 
sent on different hop chamiels. as is customary in FH radio systems. Different systems 
can have different relationships between the amomit of tune required to transmit one 
packet and the frequency hop dwell time (i.e.. the amount of time that the FH radio 
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systems spends communicating over any one of the various frequencies in the hop 
sequence). For example, the hop dwell time can be just long enough to permit the 
transmission of just one packet. Alternatively, tie hop dwell time may be long enough 
to penmt the transmission of two or more packets. In a preferred embodiment unitB 
5 mcludes averagmg circuitiy 303 that accumulates the RSSI of packets received over 
-any hops on different frequencies (e.g.. over at le^st two, and in some embodiments 
all of the hops in a hop sequence), and determines an average RSSI. The averaging 
circuitry 303 may alternatively be hardwired components, programmed processing 
components, or a combination of both. 

10 In another aspect of the invention, unit B further includes a comparator 

305 that compares die average value determined in unit B with a target value and 
determines therefrom a mathematical difference, m alternative embodunents' the 
mathematical difference can be represented by signals of any resolution, from 1 bit and 
higher, depending on the design of the overaU system, and can represent positive as 
weu as negative values. The target value used in the comparison can. for example be 
the receiver sensitivity of unit B. In some embodiments, it may be advantageous to add 
a margin amount to the receiver sensitivity in order to determine the target value Note 
that the receiver sensitivity may vary from unit to unit. More advanced units may have 
a lower receiver sensitivity and therefore require less TX power for the same range In 
alternative embodiments, the target value can be based on parameters that are unrelated 
to receiver sensitivity. 

The mathematical difference between the average RSSI value and die 
target value is then sent back to the sender (unit A in this exan^le). IT^is can. for 
example, be accomplished via a special control chamiel between unit A and B 
Alternatively, the mathematical difference value may be piggy backed (i.e.. included) 
m the return packet sent from unit B to unit A. If the madi«natical difference is 
posxtive. the measured RSSI value is larger than that which is required for the current 
distance between units A and B. In this «se. unit A may reduce its TX power. Ifthe 
mathematical difference is negative, then unit A may increase its TX power Note that 
umt A only adjusts its current TX power level by an amount based on the received 
mathematical difference value. The particular relationship between the adjustment 
amount and the mathematical difference value will be system dependent 
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ConsequenUy, a fiiU discussion of how to determine the adjustment amount based on 
the received mathematical difference value is beyond the scope of this disclosure. In 
general, unit B wUl only request a change in TX power when the mathematical 
difference has exceeded a certain margin. In this way a hysteresis results that prevents 
unit B from requesting small up and down steps continuously. Such a situation would 
result in a rather large overhead if explicit power messages are used. 

Row diagrams of the power control procedures performed at the 
recipient and sender are respectively shown in FIGS. 4 and 5. Looking first at FIG. 4, 
the RSSI of those packets whose addresses were successfully received is measured (step 
401). These RSSI values are then averaged over a period of time that preferably 
extends over a large number of hop frequencies (step 403). The average RSSI value is 
then compared with a target value (e.g. . by subtracting one from the other) in order to 
obtain a mathematical difference value (step 405). In some embodiments, the 
mathematical difference value may. at this point, be used directly to determine whether 
an adjustment in TX power should be made (i.e.. based on whether die mathematical 
difference is equal to zero). 

However, in preferred embodiments, a hysteresis is created by utUizing 
the decision boundaries Aa and Ab in a decision step (step 407). Specifically, if the 
mathematical difference value is alternatively greater tiian the boundary Aa or less than 
the boundary Ab. then a power message includmg the mathematical difference value is 
sent to the sending unit (step 409). However, if neither of these test conditions is true, 
then no power message is transmitted. In either case, the entire process begins again at 
step 401 with the measuremem of the RSSI for newly successfully received packets. 

Looking now at FIG. 5, step 501 represents conventional processing that 
is performed by a radio unit. Such processing, of course, depends on the nature of the 
radio unit (e.g. . whether it is wireless processmg equipment, or some other type of 
equipment), and a discussion of this processing is outside the scope of this disclosure. 

At some point, a determination is made as to whether a new power 
message has been received (step 503). If not, processing resumes at step 501 . 

However, if a new power message has been received, then the current 
TX level is adjusted by an amount determined by the contents of die new power 
message (step 507). In some embodiments. TX level cannot be adjusted above 
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predefined maximum and/or below predefined minimum levels. In such cases, the 
adjustment step 507 includes a test to see if the intended adjustment would caule the 
adjusted TX level to either exceed the predefined maximum level, or fell below the 
predefined minimum level. In such cases, no adjustment beyond these limits is made. 
In such cases, it is preferable (although not required in all embodiments) for the 
sending radio unit to send a control message to the receiving radio unit informing that 
the maximum/minimum TX power level has been achieved. In response, the receiving 
radio unit should send no further power control messages that attempt to cause the 
sending radio unit to adjust the TX power level beyond the predefined limits. 
Specifically, when the receiving radio unit learns that the sending radio unit is at the 
predefined maximum TX power level, it will send no further control messages that 
attempt to fiirther increase the TX power level beyond the predefined maxunum TX 
power level. Similarly, when the receiving radio unit learns that the sendmg radio unit 
is at the predefined minimum TX power level, it will send no further control messages 
that attempt to further decrease the TX power level to a level that is lower than the 
predefined minimum TX power level. 

Following the adjustment step 507, processmg proceeds as usual (step 

501). 

The above-described procedure estabUshes a closed loop between sender 
and recipient for controllmg the TX power of the sender. This procedure faUs as soon 
as the loop is "broken". For example, if the link attenuation were suddenly to increase 
due to an object between sender and recipient, the recipient would have no ability to 
instruct the sender to mcrease its TX power. To account for this situation, two 
alternative solutions may be applied. In one embodiment, the control packet carrymg 
the power control message is always sent at the highest allowable TX power. In an 
alternative embodiment, the power of the control packet carrying the power control 
message starts at a first power level. If the reception level at the receiving radio unit is 
not increased, this is presumably due to the sending unit not receiving the power 
control message. Therefore, starting at the first power level, the power of the control 
packet carrying the power control message is gradually increased until the reception 
level at the receiving radio unit has reached a satisfying level again. Note that this 
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procedure is applied only for those packets that include power control messages. For * 
all other messages, the other side has to request for the increase of TX power. 

If a unit has several connections to different units (e.g., a master unit in 
communication with a number of slave units), it should support a power control loop to 
each unit independently. That is. the power of the packet transmission will depend on 
the distance and target reception value of each individual recipient. If a unit wants to 
send broadcast packets to all linked units, the broadcast message should either be sent 
at the maximum power level, or alternatively at the highest one of all of the various 
power levels required by the receiving units (i.e.. the power level required by that unit 
having the weakest link between itself and the broadcasting unit). 

The invention has been described with reference to a particular 
embodunent. However, it will be readily apparent to those skilled in the art that it is 
possible to embody the invention in specific forms other than those of the preferred 
embodiment described above. This may be done without departing from the spirit of 
the invention. The preferred embodiment is merely illustrative and should not be 
considered restrictive in any way. The scope of the invention is given by the appended 
claims, ratiier tiian die preceding description, and all variations and equivalents which 
fall within the range of die claims are intended to be embraced therein. 
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WHAT IS CLAIMED IS: 

1. A method of controUing transmission power in a frequency-hopping 

radio system that transmits packets from a sending radio unit to a receiving radio unit, 
wherein each packet includes an address designating the receiving radio unit, the 
5 method comprising the steps of; 

measuring received signal strength of packets whose addresses were 
successfiilly received in the receiving radio unit, regardless of whether other portions 
of the respective packets were successfully received; 

generating an average signal strength value from the received signal 
10 strength measurements; 

determining a mathematical difference between the average signal 
strength value and a target value associated with the receiving radio unit; and 

using the mathematical difference as a basis for deciding whether to send 
a power control message from the receiving radio unit to the sending radio unit. 

^- me±od of claim 1 . wherein the step of using the mathematical 

difference as a basis for deciding whether to send a power control message from the 
receiving radio unit to the sending radio unit comprises the steps of: 

sending a power control message from the receiving radio unit to the 
sending radio unit if the mathematical difference is greater than a first decision 
20 boundary; and / 

sending the power control message from the receiving radio unit to the 
sending radio unit if the mathematical difference is less than a second decision 
boundary. 

3. The method of claim 1 . wherein the power control message includes the 

15 mathematical difference. 



4. The method of claim 3 , farther comprising the steps of: 

receiving the power control message in the sending radio unit; and 
adjusting a transmission power level in the sending radio unit by ai 

amount based on the mathematical difference. 
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5. The method of claim 4, wherein the step of adjusting the transmission 

power level in the sending radio unit by an amount based on the mathematical 
difference comprises: 

detennining whether the amount based on the mathematical difference 
5 would cause an adjusted transmission power level to exceed a predefined maximum 
transmission power level; 

if the amount based on the mathematical difference would cause the 
adjusted transmission power level to exceed the predefined maximum transmission 
power level, then adjusting the transmission power level in the sending radio unit to be 
10 no more than the predefined maximum transmission power level. 

6- The method of claim 5. fiirther comprising the step of: 

sending a control message from the sendmg radio unit to the receiving 
radio unit informing that a maximum transmission power level has been reached. 
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7. The method of clann 6, fiirther comprising the step of: 

in the receiving radio unit, in response to the control message from the 
sending radio unit informing that a maximum transmission power level has been 
reached, sending no fiirther power control messages to the sending radio unit that 
instruct the sending radio unit to fiirther increase its transmission power level. 

8. The method of claun 4; wherein the step of adjusting the transmission 
power level in the sending radio unit by an amount based on the mathematical 
difference comprises: 

determining whether the amount based on die mathematical difference 
would cause an adjusted transmission power level to fell below a predefined minimum 
transmission power level; 

if the amoum based on the mathematical difference would cause the 
adjusted transmission power level to fall below the predefined minimum transmission 
power level, then adjusting the transmission power level m the sending radio miit to be 
no less than the predefined minimum transmission power level. 
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9. The method of claim 8. further comprising the step of: 
sending a control message from the sending radio unit to the receiving 

radio unit informing that a minimum transmission power level has been reached. 

10. The method of claim 9. farther comprising the step of: 
in the receiving radio unit, in response to the control message from the 

sending radio unit informing that a minimum transmission power level has been 
reached, sending no further power control messages to the sending radio unit that 
instruct the sending radio unit to further decrease its transmission power level. 

11. The method of claim 1 . wherein the target value associated with the 
receivmg radio unit is based on the receiver sensitivity. 

12. The method of claim 1 , wherein the target value associated with the 
receiving radio unit is based on the receiver sensitivity adjusted to account for 
implementation losses and other inaccuracies. 

13. The method of claim 1. wherein the step of generating the average signal 
strength value from the received signal strength measurements comprises the step of: 

averaging signal strength values from the received signal strength 
measurements over a period of time extending over at least two frequency hops. 

14. The method of claim 1 , farther comprising the step of: 

when it is decided to send the power control message from the receiving 
20 radio miit to the sending radio unit, sending the power control message on a control 
channel established between the receiving radio unit and the sending radio unit. 

15. The method of claim 1 , farther comprising the step of: 
when it is decided to send the power confrol message from the receiving 
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radio unit to the sending radio unit, including the power control message in a return 
packet that is transmitted from the receiving radio miit to the sending radio unit. 
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16. The method of claim 1 , further comprising the step of: 

when it is decided to send the power control message from the receiving 
radio unit to the sending radio unit, always using a highest permissible transmit power 
level to send the power control message from the receiving radio unit to the sending 
radio unit. 
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17. The method of claim 1 , further comprising the step of: 

when it is decided to send the power control message from the receiving 
radio unit to the sending radio unit, initially using a first transmit power level to send 
the power control message from the receiving radio unit to the sending radio unit and 
10 then gradually increasing the power control message transmit power level from the first 
transmit power level to successively higher levels untU a reception signal strength level 
at die receiving radio unit has reached a predefmed acceptable level. 

18. An apparams for controlling transmission power in a frequency-hopping 

radio system that transmits packets from a sendmg radio unit to a receiving radio unit, 
wherein each packet includes an address designating the receiving radio unit, the 
apparatus comprising: 

means for measuring received signal strength of packets whose addresses 
were successfully received in the receiving radio unit, regardless of whether other 
portions of the respective packets were successfully received; 

means for generating an average signal strength value from the received 
signal strength measurements; 

means for determining a mathematical difference between the average 
signal strength value and a target value associated with the receiving radio unit; and 

means for using the mathematical difference as a basis for deciding 
whether to send a power control message from the receiving radio unit to the sending 
radio imit. 

19. The apparatus of claim 18. wherein the means for using the 

mathematical difference as a basis for deciding whether to send a power control 
message from the receiving radio unit to the sending radio unit comprises: 
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means for sending a power control message from the receiving radio unit 
to the sending radio unit if the mathematical difference is greater than a first decision 
boxmdary; and 

means for sending the power control message from the receiving radio 
unit to the sending radio unit if the mathematical difference is less than a second 
decision boundary. 

20. The apparatus of claim 18. wherein the power control message includes 

the mathematical difference. 

• The apparatus of claim 20, further comprising: 

means for receiving the power control message in the sending radio unit; 

and 

means for adjusting a transmission power level in the sending radio unit 
by an amount based on the mathematical difference. 

22. The apparatus of claim 21 . wherein the means for adjusting the 

transmission power level in the sending radio unit by an amount based on the ^ 
maOiematical difference comprises: 

means for determining whether the amount based on the mathematical 
difference would cause an adjusted transmission power level to exceed a predefined 
maximum transmission power level; • 

means, response to a determination that the amount based on the 
mathematical difference would cause the adjusted transmission power level to exceed 
the predefined maximum transmission power level, for adjusting the transmission 
power level in the sending radio unit to be no more than the predefined maximum 
transmission power level. 

25 23 . The apparatus of claim 22. further comprising: 

means for sending a control message from the sending radio unit to the 
receiving radio unit mforming that a maximum transmission power level has been 
reached. 
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24. The apparatus of claim 23, further comprising: 
in the receiving radio unit, means, responsive to the control message 

from the sending radio unit informing that a maximum transmission power level has 
been reached, for sending no further power control messages to the sending radio unit 
that instruct the sending radio unit to farther increase its transmission power level. 

25. The apparatus of claim 21 , wherein the means for adjusting the 
transmission power level in the sending radio unit by an amount based on the 
mathematical difference comprises: 

means for determining whether the amount based on the mafliematical 
difference would cause an adjusted transmission power level to fall below a predefined 
minimum transmission power level; 

means, responsive to a determination that the amount based on the 
mathematical difference would cause the adjusted transmission power level to fall 
below the predefined minimum transmission power level, for adjusting the transmission 
15 power level in the sending radio unit to be no less than the predefined minimnTn 
transmission power level. 

26. The apparatus of claim 25, further comprising: 

means for sending a control message from the sending radio unit to the 
receiving radio unit informmg that a minimum transmission power level has been 
20 reached. 

27. The apparatus of claim 26, further comprising the step of: 

in the receivmg radio unit, means, responsive to the control message 
from the sending radio unit informing that a minimum transmission power level has 
been reached, for sending no further power control messages to the sending radio unit 
25 Uiat mstruct the sending radio unit to farther decrease its transmission power level. 



28. The apparatus of claim 18, wherein the target value associated with the 

receiving radio xmit is based on the receiver sensitivity. 
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29. The apparatus of claim 18. wherein the target value associated with the " 
receiving radio unit is based on the receiver sensitivity adjusted to account for 
implementation losses and other inaccuracies. 

30. The apparatus of claim 1 8. wherein the means for generating the average 
signal strength value from the received signal strength measurements comprises: 

means for averaging signal strengA values from the received signal 
strength measurements over a period of time extendmg over at least two frequency 
hops. 

31. The apparatus of claim 18. fiirther comprising: 

means, responsive to a decision to send the power control message from 
the receiving radio unit to the sending radio unit, for sending the power control 
message on a control cham^el established between the receiving radio unit and the 
sending radio unit. 

32. The apparatus of claim 18. further comprising: 

means, responsive to a decision to send die power control message from 
the receiving radio unit to the sending radio unit, for including the power control 
message in a return packet that is transmitted from the receiving radio unit to the 
sending radio unit. 

33. The apparatus of claim 18. further comprising: 

means, responsive to a decision to send the power control message from 
the receiving radio unit to the sending radio unit, for always using a highest permissible 
transmit power level to send the power control message from the receiving tadio unit to 
the sending radio unit. 

34. The apparatus of claim 18, further comprising: 

means, responsive to a decision to send the power control message from 
the receiving radio unit to the sending radio unit, for initially using a first transmit 
power level to send the power control message from die receiving radio unit to the 
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sending radio unit, and then gradually increasing the power control message transmit ' 
power level from the first transmit power level to successively higher levels until a 
reception signal strength level at the receiving radio unit has reached a predefined 
acceptable level. 
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1 

A METHOD FOR SELECTING A COMBINATION OF MODULATION AND 
CHANNEL CODING SCHEMES IN A DIGITAL COMMUNICATION SYSTEM 

BACKGROUND 

This invention generally relates to the field of 
communication systems and, more particularly, to digital 
communication systems that supports multiple modulation and 
channel coding schemes. 

In wireless digital communication systems, 
standardized air interfaces specify most of system 
parameters, including modulation scheme, channel coding 
scheme, burst format, communication protocol, symbol rate, 
etc. For example, European Telecommunication Standard 
Institute (ETSI) has specified a Global System for Mobile 
15 Communication (GSM) standard that uses time division 

multiple access (TDMA) to communicate control, voice and 
data information over radio frequency (RF) physical channels 
or links using Gaussian Minimum Shift Keying (OMSK) 
modulation scheme at a symbol rate of 271 ksps. in the 
20 U.S., Telecommunication Industry Association (TIA) has 

published a number of Interim Standards, such as is -54 and 
IS-136, that define various versions of digital advanced 
mobile phone service (D-AMPS) , a TDMA system that uses a 
Differential QPSK (DQPSK) modulation scheme for 
25 communicating data over RF links. 

Digital communication systems use a variety of 
linear and non- linear modulation schemes to communicate 
voice or data information in bursts. These modulation 
schemes include, GMSK, Quadrature Phase Shift Keying (QPSK), 
Quadrature Amplitude Modulation (QAM), etc. GMSK modulatiol 
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scheme is a non-linear low level modulation (LLM) scheme 
wxth a symbol rate that supports a specified user bit rate 
in order to increase user bit rate, high-level modulation 
(HLM) schemes can be used. Linear modulation schemes, such 
as QAM scheme, may have different level of modulation. For 
example. 16QAM scheme is used to represent the sixteen 
variations of 4 bits of data. On the other hand, a QPSK 
modulation scheme is used to represent the four variations 
of 2 bits of data. 

In addition to various modulation schemes, digital 
communication systems can support various channel coding 
schemes, which are used to increase communication 
reliability. For example. General Packet Radio Service 
(GPRS) , Which is a GSM extension for providing packet data 
service, supports four channel coding schemes. A 
Convolutional Half-Rate Code scheme. CSl coding scheme, 
which is the "mother" channel coding scheme of GPRS. The 
CSl scheme is punctured to obtain approximately two-third 
rate and three-fourth rate code schemes, CS2 and CS3 coding 
schemes. GPRS also supports an uncoded scheme, known as CS4 
coding scheme. 

Generally, channel coding schemes code and 
interleave data bits of a burst or a sequence of bursts to 
prevent their loss under degraded RF link conditions, for 
example, when RF links are exposed to fading. The number of 
coding bits used for channel coding of data bits corresponds 
to error detection accuracy, with higher number of coding 
bits providing higher bit error detection accuracy. For a 
given gross bit rate, a high number of coding bits, however 
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reduces user bit rate, since coding bits reduce the number 
of user data bits that can be transmitted in a burst. 

The communication channel typically introduces 
errors in sequence. m order to improve coding efficiency, 
the coded bits are interleaved, before transmission. The ' 
purpose of interleaving is to distribute the errors over 
several code words. The term perfect interleaving is used 
when the sequence of the received data bit errors are 
uncorrelated. The more uncorrelated the received data bits 
are at the receiver, the easier it is to recover lost data 
bits. on the other hand, if interleaving is not effective, 
large portions or blocks of transmitted data bits may be 
lost under degraded RF link conditions. Consequently, error 
correction algorithms may not be able to recover the lost 
15 data. 

TDMA systems subdivide the available frequency 
band into one or several RF channels. The RF channels are 
divided into a number of physical channels corresponding to 
time slots in TDMA frames. Logical channels are mapped onto 
one or more physical channels, where modulation and channel 
coding schemes are specified. An RF link includes one or 
more physical channels that support the logical channels. 
In these systems, the mobile stations communicate with a 
plurality of scattered base stations by transmitting and 
receiving bursts of digital information over uplink and 
downlink RF channels. 

The growing number of mobile stations in use today 
has generated the need for more voice and data channels 
within cellular telecommunication systems. As a result, 
base stations have become more closely spaced, with an 
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increase in interference between mobile stations operating 
on the same frequency in neighboring or closely spaced 
cells. Although digital techniques gain more useful 
channels from a given frequency spectrum, there still 
S remains a need to reduce interference, or more specifically 
to increase the ratio of the carrier signal strength to 
interference, (i.e., carrier-to- interference (C/I) , ratio 
RF links that can handle lower C/I ratios are considered to 
be more robust than those that only can handle higher C/I 
10 ratios. 

Depending on the modulation and channel coding 
schemes, grade of service deteriorates mora rapidly as link 
quality decreases. m other words, the data throughput or 
grade of service of more robust RF links deteriorates less 
15 rapidly than those of less robust RF links. Higher level 
modulation schemes are more susceptible to link quality 
degradation than lower level modulation schemes. If a HLM 
scheme is used, the data throughput drops very rapidly with 
a drop in link quality. On the other hand, if a LLM scheme 
20 as used, data throughput and grade of service does not 
deteriorate as rapidly under the same interference 
conditions. 

Therefore, link adaptation methods, which provide 
the ability to dynamically change modulation scheme, channel 

5 coding, and/or the number of used time slots, based on 

channel conditions, are used to balance the user bit rate 
against link quality. Generally, these methods dynamically 
adapt a system-s combination of channel coding, modulation 
and number of assignable time slots to achieve optimum 

> performance over a broad range of c/I conditions. 
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one evolutionary path tor next generation of 
cellular systems is to use high-level modulation <HLM, 
e.g.. 16QAM modulation scheme, to provide increased user bit 
rates compared to the existing standards. These cellular 
systems include enhanced GSM systems with GPRS extension 
enhanced d-amps systems. International Mobile 

Telecommunication 2000 <I„T-2000, , etc. A high level linear 
modulation, such as 16QAM modulation scheme, has the 
potential to be more spectrum efficient than, for example 
.0 GMSK. „hich is a lo„-level modulation a.M, scheme. slause 
higher level modulation schemes require a higher minimum C/I 
ratio for acceptable performance, their availability i„ the 
system becomes limited to certain coverage areas of the 
system or certain parts of the cells, where more robust 
-Lb links can be maintained. 

m order to provide various communication 
services, a corresponding minimum user bit rate is required 
in voice and/or data services, user bit rate corresponds to' 
vc.ce quality and/or data throughput, with a higher user bit 
.0 rate producing better voice quality and/or higher data 
throughput. The total user bit rate is determined by a 
selected combination of techniques for speech coding 
Channel coding, modulation scheme, and for a TDMA system 
the number of assignable time slots per call. 
5 Data services include transparent services and 

non-transparent services. Transparent services, which have 
a minimum lin. quality requirement, provide target user bit 
rates. A system that provides transparent communication 
services varies the gross bit rate to maintain a constant 
user bit rate with the required quality. Conversely m 
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non-transparent services, for example, GPRS, the user bit 
rate may vary, because erroneously received data bits are 
retransmitted. Unli.e non- transparent services, transparent 
services do not retransmit erroneously received data bits 
. Therefore, transparent services have a constant point-to- 
poxnt transmission delay, and non- transparent services have 
a non-constant point-to-point transmission delay. 

A communication system may provide a data service 
through a number of RF links supporting different 
combinations of channel coding, speech coding, and/or 
modulation schemes. For example, the system may provide a 
multimedia service using two or more separate RF links that 
separately provide audio and video signals. Under this 
scenario, one of the two RF links may use HLM scheme and the 
other link may use LLM scheme. In order to provide a 
constant user bit rate in a TDMA system, lower level 
modulation schemes may use a higher number of time slots 
than higher level modulation schemes. 

Moreover, digital communication systems must also 
select a suitable combination of channel coding and 
modulation schemes based on link quality. For example, for 
a high quality link, higher level modulation or less channel 
coding results in higher user bit rate, which may be used 
advantageously by different communication services. For 
example, in a non- transparent data service, user data 
throughput is increased. For a speech service, the 
increased user bit rate may be used for deploying an 
alternative speech coder with higher quality. Therefore a 
system that supports multiple modulation and channel coding 
schemes should provide sufficient flexibility for selecting 
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an optimum combination of modulation and channel coding 
schemes . 

conventional method for selecting an optimum 
combination of modulation and channel coding schemes assume 
. that the link quality parameters are perfectly known at a 
g:Lven instant. Usually, these methods determine link 
quality parameters by measuring, at predefined instances 
one or more of received signal strength (RSS) or bit error 
rate (BER) , etc. Using these instantaneous measurements 
these methods also assume that user quality as a function of 
link quality parameters is perfectly known for all 
combinations of modulation and channel coding schemes. 

Because these parameters vary continuously, the 
mean measurement of link quality parameters do not give an 
accurate indication of user quality, especially after a link 
wath a different combination of modulation and channel 
coding schemes is selected. One method dynamically adapts 
user bit rate of a TDMA system to achieve optimum voice 
quality over a broad range of channel conditions. This 
system continuously monitors link quality by making 
instantaneous measurements of a rf link's c/l ratio The 
system dynamically adapts its combination of modulation and 
channel coding schemes and the number of assignable time 
Slots to optimize voice quality for the measured conditions 
in addition, the system determines cost functions to derive 
at a cost of using RF links with different modulation and 
coding schemes to improve voice quality. 

User quality, however, varies considerably with 
variations in link quality parameters. FIG. 1 shows link 
performance of two modulation schemes, i.e., qpsk and ISQAI. 
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scheme.. Which are expose, to th.ee channel conditions: an 
Add.t.ve m,ite aau..ia„ Noise <.„ON, channel condition, a 
fast Rayiei,h Padin, channel condition, and a .low Haylei^h 
fading channel condition. In FIG 1 n„t , 

riij. 1. link performance is 
. ex ss^d in ter.s o. BBH. Por a .iven c/x ratio, the .w<^ 
Channel provides the best performance, due to the lack of 
fading dips. m fast Kayleigh fading channel, where fading 
varies fast enough to make effective use of interleaving 
^nk performance is degraded cohered to the AWOH channei 
in Slow Rayleigh fading channel, where fading varies slowly 
such that interleaving is not effective, the worst link 
performance is obtained. Conventional methods use „.an c/l 
ratio to determine the channel condition. As sho«> in Plo 
X, however, mean C/I ratio for different channel conditions 
may be the same, when link performance may be quiet 
different. Therefore, more information is needed to 
accurately estimate link performance, if different 
co^inations of modulation and channel coding is used 

An additional factor affecting user quality is 
time di 3ion. Heceiver equalizers can not effectively 
handle large time dispersions. As a result, link 
performance degrades, even when C/I ratio distribution 
remains the same. Accordingly, mean measurements of c/I 
ratio. BER or time dispersion alone are not sufficient for 
estimating performance of a selected link. Therefore, there 
exists a need for an effective link selection method in 
systems that support various modulation and channel coding 
schemes . = 
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SUMMARY 

Ths present invention that addresses this need is 
exemplified in a selection method that statistically 
Characterizes combinations ol available modulation and 
> channel coding schemes using measured link quality 

parameters to determine which combination provides the best 
user quality. The method of the invention measures at least 
one linlc quality parameter of at least one RF link, for 
example, C/I ratio. BER. received signal strength, or time 
dispersion. Then, at least one channel characteristic 
measure is calculated based on the measured link quality 
parameter by c*,mputing both its mean value and variance Bv 
introducing the variance of for example C/I ratio, it is 
possible to estimate the type of channel conditions a 
transmission is susceptible to. Consequently, it is 
possible to estimate how a change of modulation and/or 
channel coding scheme would effect the link quality m an 
exemplary embodiment, the channel characteristic measure may 
be calculated for each one of available combinations of 
modulation and channel coding schemes of an RP link 
hereafter, a user quality estimator estimates user quality 
values, for example, user data throughput or speech quality 
values, based on the calculated channel characteristic 
measure. Finally, the present invention selects a 
combination of modulation and channel coding schemes on an 
RP link that provides the best user quality. 

According to some of its more detailed features 
the present invention maps the calculated channel 
Characteristic measure with estimated user quality values of 
the supported con^inations of modulation and channel coding 
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The mapping function may use simulation results 
laboratory results, or results derived during normal 
operation of a communication system. 

According to another aspect of the invention, the 
5 selection method determines an optimal transmit power for 
each combination of modulation and channel coding schemes 
based on the measured link quality parameter. Thereafter 
the user quality values are estimated based on the optimal 
transmit power. Also, data bursts are transmitted on the 
selected RF link at the optimal transmit power. 

Other features and advantages of the present 
invention will become apparent from the following 
description of the preferred embodiment, taken in 
conjunction with the accompanying drawings, which 
illustrate, by way of example, the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

PIG. 1 is a diagram of the performance of two 
variously modulated RP links under three different channel 
conditions. 

PIG. 2 is a block diagram of a communication 
system which advantageously uses the present invention. 

FIG. 3 is a diagram of a subdivided RF channel 
that is -used in the communication system of fig. 2. 

FIG. 4 is a diagram of a normal transmission burst 
transmitted on the RF channel of FIG. 3. 

^ " di^S"'" Of a mobile unit used in 

the communication system of FIG. 2. 
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FIG. 6 is a block diagram of a radio base station 
used in the communication system of FIG. 2. 

FIG. 7 is a block diagram of a radio transceiver 
used in the base station of FIG. 6. 

FIG. 8 is a flow chart of a link selection method 
according to an exemplary embodiment of the invention. 

FIG. 9. is a block diagram of the selection method 

of PIG. 8. 

FIG. 10 is a flow chart of a power selection 
scheme according to another aspect of the invention. 

FIG. 11 is a graph of link performances of two 
combinations of channel coding and modulation schemes. 

DETAILED DESCRIPTION 

Referring to FIG. 2, a communication system 10 
according to an exemplary embodiment of the present 
invention supports multiple modulation schemes. m an 
exemplary embodiment of the invention, the system 10 
supports three modulation schemes: a first LLM (LLMl) 
scheme, a second LLM (LLM2) scheme, and a HLM scheme. LLMl 
scheme is a non-linear modulation scheme, such as OMSK 
modulation scheme used in GSM systems. LLM2 scheme is a 
linear modulation scheme, such as QPSK. Finally, HLM scheme 
xs a higher level linear modulation schemes, for example 
16QAM scheme, that could be supported by the second 
generation of enhanced GSM systems, which as of yet are not 
Standardized. 

The communication system 10 also supports the 
channel coding schemes of GSM's GPRS extension. The system 
10, therefore, supports CSl, CS2, CS3 , and CS4 channel 
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codang schemes. The system lo supports various combinations 
of modulation and channel coding schemes on a plurality of 
RF links. Although, the system 10 is described with 
reference to the above specified exemplary modulation and 
. channel coding schemes, it should be noted that a wide range 
of modulation and coding schemes may be used to implement 
the present invention. 

The mode of operation of GSM communication systems 
xs described in European Telecommunication Standard 
institute (ETSI) documents ETS 300 573, ETS 300 574 and ETS 
300 578, which are hereby incorporated by reference. 
Therefore, the operation of the GSM system is described to 
the extent necessary for understanding of the present 
invention. Although, the present invention is described as 
embodied in a GSM system, those skilled in the art would 
appreciate that the present invention could be used in a 
wide variety of other digital communication systems, such as 
those based on PDC or D-AMPS standards and" enhancements 
thereof. The present invention may also be- used in CDMA or 
a hybrid of CDMA and TDMA communication systems. 

The communication system 10 covers a geographical 
area that is subdivided into communication cells, which 
together provide communication coverage to a service area 
for example, an entire city. Preferably, the communication 
cells are patterned according to a cell pattern that allows 
some of the spaced apart cells to use the same uplink and 
downlink RF channels. In this way, the cell pattern of the 
system 10 reduces the number of RP channels needed to cover 
the service area. The system 10 may also employ frequency 
hoppxng techniques, for example, to avoid "deadspots 



wo 99/12304 



PCT/SE98/01S38 



13 



10 



15 



20 



25 



30 



Initial selection of modulation scheme would 
preferably depend on either measured or predicted link 
quality parameters of a new rf link. Alternatively, the 
xnxtaal selection may be based on a predefined cell 
^ parameter. Oue to a possible difference in link robustness 
for LLMl. i,LM2, and HLM schemes, a mobile station 12 
continues to use LLMl scheme until the channel 
Characteristic allows the use of other schemes, in which 
case a link adaptation procedure is initiated to switch 
modulation scheme from LLMl scheme to LLM2, or HLM scheme. 

When no information is transferred to or from a 
mobile station- 12, for example, during idle states or wait 
states Of CPRS, the mobile station 12 preferably measures 
link quality parameters of different RF links For 
instance, the mobile station 12 measures the interference on 

links that are candidates for use in the future as well 
as the received signal strength of its current link The 
measurement results are used to determine a distribution of 
Channel characteristic measures. These measurements serve 
as the basis for deciding which conO^ination of modulation 
and channel coding schemes to use subsequently. 

According to the present invention, during an 
ongoing communication, user quality values are estimated 
based on channel characteristics, which are expressed in 
terms of variations and mean values of link quality 
parameters. The channel characteristics are derived based 
on measurements of li.K quality parameters over a predefined 
Perxod. in this way, the system 10 estimates user quality 
values provided by available coordinations of modulation and 
Channel coding schemes of one or more RF links. By 
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comparing .he estimated u.er quality values of these 
co^inations, the present invention selects a modulation and 
Channel cod.ng cc*i„ation on an rp lin,, ,hat provides the 
best user quality value. 

For example, for providing a non-transparent 

service, the system 10 estimates user quality values of 

available combinations of modulation and channel coding 

schemes on the one or more RF lin^s in terms of data 

throughput S. Kor a predefined time period, the system 10 

continuously measures linic quality parameters and calculates 

the.r mean values and variances. The present invention 

rel.es on statistical measures to characterize an RP li„fc 

Although the exemplary embodiment uses mean values and 

variances, other statistical measures may also be used, for 

example, standard deviation, median, etc. The system 10 

calculates the mean values of such lin,c quality parameters 

as C/I ratio or BER values that are obtained over the 

predefined time period. Based on measured link quality 

parameters over the predefined ti,^ period, the system lo 

also determines the variances of one or more of the link 

quality parameters. Based on the variances, the system lo 

estimates the data throughputs S for all combinations of 

modulation and channel coding schemes over 

^ over one or more RF 

links. The system then selects a ne„ combination of 
modulation and channel coding schemes on a RF link if 
switching to the new combination on that RP link provides a 
higher data throughput s than that provided by a current 

combination. 

For a speech service, the system lo may use a 
different user quality value measure than the data 
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throughput s u.ed for a non- transparent data service 
Preferably, the u.er quality value in speech service 'i. 
expr e. ^ ^^^^^ ^^^^^^ ^^^^^ ^^^^^ 

h e, ,3,,^,^^ ^^^^ ^^^^^^ ^^^^^^ 

b.t error rate (rber) originated fro™ the use of 
various speech coding schemes, under this arrangement, the 
present invention esti^tes voice ^ality values o for 
different co^inatlon. of modulation and channel coding 

schemes. Then, the system 10 selects a e„^K- 
r, _ .J oeieccB a combination that 

0 provides the best estimated voice quality value. 

The system 10 is designed as a hierarchical 
net„or. „ith multiple levels for managing calls. using an 
allocated set of uplin. and do^lin^ HP li„,3 a number of 
mobile stations 12 operating within the system lo 
participate in calls using allocated time slots. « a high 
hierarchical level, a group of Mobile Service Switching 
centers <„sCs, 1. are responsible for the routing of calls 
from an originator to a destination. in particular, they 
are responsible for setup, control and termination of calls 
one Of the MSCs 1.. ^o™ as the gateway „sc, handles 

""'^ ^ -^"-^ -^ephone „etwor. 

(PSra, 18, or other public and private networks. 

Different operators support different 
communication standards with different modulation and 
Channel coding schemes. The same operator may also support 
. erent modulation and channel coding schemes in difLent 

ells. For example, one operator may support u^i 
modulation scheme and CS. channel coding scheme only 
Whereas, another operator may support all of the mod:iation 
and channel coding schemes. The co^unication system 10 
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US.S the present invention to select , con^i„„i„„ of 
-^duxation ana channel codin. 3che„e= that provide the be.t 
user quality value. 

5 MSC. 14 ' 1--^. -ch one Of the 

(BSCS :r""' " ' ^-^""^ °^ ^^^^ cont.ol.er. 

(BSCS) 16. The primary function of a BSC 16 is radio 

resource management. For example, based on reported 

received si^al strength at the mobile stations 13, the BSC 

. L« St "'"'^"^ " '""'"^ ^ "-^"^ ''^e 

.S« Standard, the BSC 16 communicates with a Msc 14 under a 

standard interface .no„n as the A-interface, which is based 

on the Mobile Application Part of CCITT sional • c 

, i-l-iTT Signaling System No. 

th ' 1-el each one of 

(BTSa, .0. Each BTS .0 includes a nu^er of T«Xs that use 
the uplrnfc and do^link RP channels to serve a particular 
common geographical area. The BT<?« r>n 

RF lir,l.« ^ primarily provide the 

RP l.n3cs for the transmission and reception of data bursts 
to a„d from the mohile stations .ithin their designated 
cell. in an exemplary embodiment, a number of btSs 20 are 
incorporated into a radio base station (RBS) 22. The RBS 22 
be configured according to a family of RBS-2000 

products, which is offered by Ericsson th. . • 

^ ^'^e assignee of the 

present invention. 

With reference to FIG 3 an dt? -,v, 
^ ^ , ' channel 26 (uplink 

or downline, is divided into repetitive time frames av 
during which information are co™,unicated . Each frame „ is 
further divided into time slots that carry packets of 
information. Speech or data is transmitted during time slots 
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designated as traffic channels (TCHi, • • • / TCHn) All 
signaling functions pertaining to call management in the 
system, including initiations, hand overs, and termination 
are handled via control information transmitted over control 
channels . 

The mobile stations 12 use slow associated control 
channels (SACCHs) to transmit associated control signals, 
such as an RX-LEV signal, which corresponds to the received 
signal strength at the mobile station and RX-QUAL signal, 
which is a measure of various levels of bit error rate at 
the mobile station 12, as defined by the GSM standard. Fast 
associated control channels' (FACCHs) perform control 
functions, such as hand-overs, by stealing time slots 
allocated for TCHs. 

The BSC 16 instructs the RBS 22 based on measures 
of channel characteristics of RF links between mobile 
stations 12 to the RBS 22. As described later in detail, 
the channel characteristics may be measured based on a 
number of parameters, including received signal strength, 
bit error rate, the multipath propagation property of the 
uplink RF channel, for example, time dispersion, or a 
combination of them. 

The system 10 carries out the transmission of 
information during a time slot in a burst that contain a 
25 predefined number of coded bits. The GSM specification 
defines various types of bursts: normal burst (NB) , 
frequency correction burst (FB) , synchronization burst (SB) , 
access burst (AB) , and dummy burst. The normal burst, which 
has a duration of 576 /is, is used both during the traffic 
and some control signalling channels. The remaining bursts 
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are primarily used for access and maintaining signal and 
frequency synchronization within the system. 

AS shown in FIG. 4, a normal burst 29 includes two 
separate data portions 30 during which digital data bits are 
■> communicated. The normal burst also includes tail and guard 
sections 31 and 32 as shown. Among other things, the guard 
section 32 is used to allow for up-ramping of the burst and 
for down-ramping of the bursts. The tail section 31 is used 
for demodulation purposes. All burst transmissions, except 
dummy burst transmissions, include training sequences. The 
training sequences are patterned with predefined 
autocorrelatioh characteristics. During demodulation 
process, the auto correlation characteristic of the training 
sequence helps in the synchronization of the received bit- 
sequences over an RF channel. In the normal burst 29, a 
training sequence 33 is positioned in the middle of the 
burst between its data portions. 

In order to compensate for propagation delays over 
RF links, the communication system 10 uses a time alignment 
process by which the mobile stations 12 align their burst 
transmissions to arrive at the BTSs 20 in proper time 
relationship relative to other bursts transmissions. As 
described later, the mobile station 12 and the RBS 22 
incorporate equalizers, which correlate received baseband 
bit sequences over the uplink or downlink RF channels with 
the training sequences, to provide correlator responses that 
correspond to the properties of multipath propagation. 
Based on the correlator responses, the receiver section of 
the BTS 20 generates a timing advance (TA) parameter. The 
niobile station 12 uses the TA parameter, which is 
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transmitted from the RBS 22, for advancing or retarding its 
burst transmissions relative to a time reference. 

With reference to FIG. 5, the block diagram of a 
mobile station 12 is shown. The mobile station 12 includes 
. a receiver section 34 and a transmitter section 36, which 
are coupled to an antenna 38 through a duplexer 39 The 
antenna 38 is used for receiving and transmitting RP signals 
to and from the BTS 20 over allocated uplink and downlink rf 
Channels. The receiver section 34 includes an RF receiver 
40, Which includes a local oscillator 41, a mixer 42, and 
selectivity filters 43 arranged in a well known manner, for 
down-converting and demodulating received signals to a 
baseband level. The RF receiver 4 0, which is tuned by the 
local oscillator 41 to the downlink channel, also provides 
an RX-LEV signal on line 44 that corresponds to the received 
signal strength at the mobile station 12. 

The RF receiver provides a baseband signal to a 
demodulator 46 that demodulates coded data bits representing 
the received speech, data and signaling information. 
Depending on the type of mobile station 12, the demodulator 
46 can support one or more demodulation schemes 
corresponding to LLMl, LLM2, and HLM- schemes. For example 
the demodulator of a mobile station 12 subscribed to an 
operator that supports LLMl scheme may be capable of 
demodulating LLMl modulated signals only. On the other 
hand, the demodulator of a mobile station 12 subscribed to 
an operator that supports all of the three modulation 
schemes is preferably capable of demodulating LLMl, LLM2, 
and HLM schemes. 
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As described above, the demodulator 4 6 includes an 
equalizer (not shown) that processes the coded bit pattern 
disposed on the training sequences, to provide correlator 
response that are used for demodulation of the baseband 
signal. The equalizer uses the correlator responses to 
determine the most probable bit sequence for demodulation. 
As defined by the GSM specification, a channel decoder/de- 
interleaver 50 also provides an RX-QUAL signal on line 48. 
which is a measure of various levels of bit error rate at 
the mobile station 12. The mobile station 12 reports the 
RX-QUAL signal and the RX-LEV signal to the BSC 16 on a 
SACCH channel. 

The channel decoder/de-interleaver 50 decodes and 
de-interleaves the demodulated signal. The channel 
decoder/de-interleaver 50 may use a wide variety of channel 
decoding schemes, including CS1-CS4 decoding schemes. The 
speech data bits are applied to a speech decoder 52 that 
decodes the speech pattern using one of a variety of 
supported speech decoding schemes. After decoding, the 
speech decoder 52 applies an analog speech signal to a 
output device 53, e.g., a speaker, via an audio amplifier 
54. The channel decoder 50 provides the decoded data and 
signalling information to a microprocessor 56 for further 
processing, for example, displaying the data to a user. 

The transmitter section 36 includes an input 
device 57, e.g., a microphone and/or keypad, for inputting 
voice or data information. According to a specified 
speech/data coding techniques, a speech coder 58 digitizes 
and codes the voice signals according to a variety of 
supported speech coding schemes. A channel 
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coder/interleaver 62 codes the uplink data according to a 
specified coding/interleaving algorithms, including CS1-CS4 
coding schemes. The channel coder/interleaver 62 provides 
an uplink baseband signal to a modulator 64. The modulator 
64 modulates the uplink baseband signal according to one or 
more of supported modulation schemes. Similar to the 
demodulator 46, the modulator 64 of the mobile station 12 
may support one or more of LLMi, LLM2, and HLM schemes. 

The modulator 64 applies the coded signal to an 
up- converter 67, which receives a carrier signal from the 
up-converted signal local oscillator 41. An RF amplifier 
65 amplifies the up-converted signal for transmission trough 
the antenna 38. A well known frequency synthesizer 66. 
under the control of the microprocessor 56, supplies the 
operating frequency information to the local oscillator 41. 
The microprocessor 56 causes the mobile station 12 to 
transmit the RX-QUAL and RX-LEV parameters to the RBS 22 
over the SACCH. 

Referring to FIG. 6, an exemplary block diagram of 
the RBS 22 is shown to include a plurality of BTSs 20 that 
serve different geographical areas. Through a timing bus 
72, the BTSs 2 0 are synchronized with each other. Voice and 
data information are provided to and from the RBS 22 through 
a traffic bus 74 that may be coupled, through the A-bis 
interface, to a public or private voice and data 
transmission line, such as a Tl line (not shown) . Each BTS 
2 0 includes TRXs 75 and 76 that communicate with the mobile 
station 12. As shown, two antennas designated as 24A and 
24B are spaced accordingly to cover cells 77 and 78. The 
TRXs 76 are coupled to the antennas 24 through 
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combiner/duplexers 80 that or^^K • 

^ ou cnat combxne downlink t- 

sianalc; f^^^^ ^wnxinJc transmission 

i>-Lgna±s trom the TRXs 7^ ^ 

s it:: LT — 

the operation and maintenance of the rbs 22 
Referring to pig. 7. 3 ^i.,^^ of a THX 76 

IS shown. The trv ■7c--,, ^ 
receiver . ^ ' transmitter section 86, a 

receiver sect.cn a,, a baseband processor as and a THX 
controller Qn n ^ 

" rio. the rec ^ "--P-^'^n. -tenna ,3ho™ in 

^) , cue receiver section fi7 v-^^ • 

f-m the mobile station ^2 " "^""^ ^'^"^^^ 

rt„ <3°"n-conversion block 91 

down-converts the received signal. After do„ 
the received signals the . dovm-converting 

Phase and .agniLe vi " '^'^'^^ 

IS received bit ' ""^''"^ ^° P^^^^- 

ce.ved b.t sequence to the baseband processor 8a An RSSI 
estimator provides an «SSI signal on line .s T 
mep^QiiT-^ ^-P 4.i_ J-xxie b^b, which is a 

measure of the received signal strength. The RSSI . 
94 mav alcrr. rr.^^ ^SSI estimator 

may also measure noise disturbance levels during idle 
channels. The TRX controller 90 which ■ 
0 traffic bus ,4, processes the " " ^""^ 

ana transmits ™x related ^''^ ^^"^ 

related information, such as various 
TRX measurements, to the Bsc 16. Under thi = 
the T«x 76 periodically reports thetsVs 7""^^"^"=' 

The baseband processor SB <r,^i -a 
96 th^^ lessor 88 includes a demodulator 

^ectt: :r:: drrirrrrger — 
-~ -=3sed :: rriTirrrto 

retrieve the uplink baseband data, similar to tl I 
Station i9 i-v,^ ^ *iniaxar to the mobile 

12, the demodulator may support demodulation of 
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Signals that are modulated usin^ 

=.a.„e. ....... --^3 ap^ . 3 

accordina ^o r^,^^ signal 

= ;vi.T — 

y decoding schemes tvi^ i. 

for further ■ traffic bus 78, 

urcner processing by the BSC 16. 

When transmitting downlink h.o k . 
baseband processor 88 receLs ll 
0 digitized V, . ""^^^^^^ properly coded data or 

gxtazed speech information from the BSC is 

traffic bus 74 anr! n • ^'^^ 

xjus 74 and applies them to a channel 
codes and inter l channel coder 102 that 

no inter-leaves speech and data according t- 
n>ore of sur.T^r^-^♦- ^ «»ccording to one or 

^"PPorted channel coding schemes inol • 
Channel coding schemes Th. . including CS1-CS4 

-dulator 104 that m d\ '^^"^^^"^ ^ ^on includes a 

ao "modulates the supplied data bits 

according to one or more of LLMi LLM2 . 
The modulator i • ' ^""^ "^"^ schemes. 

dulator 104 provides downlink baseband sional. . 
up-convers3r.Ti kt i ^a^a signals to an 

nversion block 106 for up-conversion a 

-PUfier 108 amplif.es the up-convert d siglrT 
-nsmission through a corresponding .ntenna ^ 

con^- . ^''^ """'"P^-' — one or a 

combination of the RX-QUAL, rx-lev or time d 

parameters, which are measures of ^il T 

an RP link to sel ^ ''''^^^^^ Parameters of 

' ^° select an optimum combination «^ . 

and channel cod-ir^r, °">Dination of modulation 

.annex coding on an RF link tu^ 

to d,t.™.„e whether tc initiate a 
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adaptation procedure within coverage area= ^„ . 
Ll^a. and „^„ .ehe^s. " 
Referring to FIG ft o 
3-ectin, . oo^ination o/J^I l" 2"/' ^ -^""^ 
S eche.es on an HP aXn. according to 1 

=^ the present invention is sho™ Tn tT 
e^cdi.ent. it ia assumed that Ty..l\l 
transparent data service for . ^ °" " 

-er in J ; ZtTZl' ^ T'' ^ ^ 

0 ^^t.^ . "^-i-ucjcs, the smallest 

^ retransmit table nn-i<-^ 

-ceived hlocL are erroneously 

Clocks are re -transmit ted accords ^ 
Repeat Request (ARQ) 

scheme ^ Automatic 

The selection method starts by measurino , ■ „ 
-J-ality parameters of an l,^ , / -asur.ng l.nk 
in the mobile station 1= "ce.ver that may be 

station 12 or a BTS 20, block 803 
than one rf links are available th , 

measure link ^uallt ^-lection method may 

iinK quality parameters of all v 
wen. Examples of link ouali. ^^^^lable links as 

include C/I ratio ^^''"^ Parameter measurements 

on burst levi: 

evel, and raw BER on block level. The 
measurements are processed ^o ^ . 

t.a Channel chararteristr a eT ^ 
-annel characteristic measures, which IVrn :' 
distribution Of li„k ^ality parameters can be 1 , 
as mean values and variances of the link , ^^-l^ted 
Mock 303. .he processed measuremen result """^^^"^^ 
to a link quality estimator, block 1 ^^^^ 

In a preferred embodiment i • , 

estimator perform. • quality 

performs a mapping function /i whloH 
channel characteristic m.. ""^^^ 

-stxc measures with estimated user quality 
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values of each one of the supported combinations of 
modulation and channel coding schemes i, block 807. For 
example, mapping function Xi calculates the mean value and 
variance of raw BER, based on measurement results, and then 
> based on the mean and variance value estimates BLER, . The 
mapping functions may be implemented using a table that is 
initially constructed based on empirical results, such as 
simulation results, or experimental results, such as 
laboratory results, of the various combinations of 
modulation and channel coding schemes. Alternatively, the 
table may include results tuned based on actual measurements 
during the normal operation of the system 10. 

In this exemplary embodiment, BLER estimates are 
used for calculating user quality values in terms of data 
throughputs S, for each one of the combinations of 
modulation and coding schemes, block 809. The user quality 
values are used for selecting an optimum combination of 
modulation and channel coding schemes on an RF link by 
comparing the data throughputs s„ block 811. if the data 
throughput of a new combination, other than the one 
currently used is significantly higher, a link adaptation 
procedure is initiated to switch to the new combination. 

For selecting the combination of modulation and 
channel coding scheme on an uplink RP link, the present 
invention performs all of the above specified steps at the 
RBS 22. For selecting the combination of modulation and 
channel coding scheme on a downlink RF link, the mobile 
station 12 performs the steps of measuring link quality 
parameters and calculating mean values and variances and 
reporting the channel characteristic measures to the RBS 22 
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The RBS 22 then performs the link quality estimation 
function and decides whether a new conJDination of modulation 
and channel coding schemes on an RF link should be selected 
or not. For the downline, the link quality estimation may 
of course also be performed in the mobile station. 

FIG. 9 shows an exemplary block diagram of a means 
for estimating data throughput for N combinations of 
modulation and coding schemes. A channel characteristic 
estimator block 112 receives the link quality parameter 
measurements, e.g. C/l ratio, received signal strength, raw 
BER, and time dispersion parameter. Based on the measured 
link quality parameters, the channel characteristic 
estimator block 112 provides their mean values and 
variances. A user quality value estimator block 114, which 
operates based on previously obtained statistical link 
performance results or actual system measurements, provides 
estimate of BLER^ through BLER„. Based on nominal data bit 
rates R,, a converter block 116 converts estimates of BLER^ 
through BLER„ to estimates of S, through by using Equation 
(1) : 



(1) Si=Ri (1-BLERj) . 

Based on the data throughputs Si, a selector block 118 
selects an optimum combination of modulation and channel 
coding schemes on an RF link. 

According to another aspect of the invention, a 
power control scheme is used in combination with the above 
described link selection method. Assuming that a 
transmitter has a power dynamic range between P„i„ and P 
this aspect of the invention selects an optimum power level. 
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Popt® iPmin/ PmaxJ / for each Combination of modulation and 
channel coding schemes. The optimal power is based on a C/I 
target (C/laeJ for each combination, which may be based on a 
target user quality value, such as BLER target (BLERd^3) • 

Referring to FIG. 10. a flow chart of the power 
control scheme of this aspect of the invention is shown. 
The system 10 measures the mean value of C/I ratio (or other 
link quality parameters) , for exanple using the measure 
obtained from step 803 of FIG. 8, block 101. Based on the 
mean C/I ratio, the system 10 calculates an optimal power 
Pope using Equation (2) : 

(2) Popt (i)= P+{C/Iae8 (i,-raean C/I) , 
where P is transmit power at a time t and C/I^,, ratio is 
a target C/I ratio for achieving a desired user quality 
value for a combination of modulation and channel coding 
schemes i. block 103. For example, C/I^es u) ratio may be a 
ratio that provides the target BLER^^ for different 
combinations of modulation and channel coding schemes. 
Then, the optimal power P^pt is truncated for each 
2 0 combination of modulation and channel coding scheme using 
Equation (3) : 

(3) Popt (i)= min[P^, max(P^, P^p^ (i))] . 

The truncation step, block 105, allows for selection of a 
combination of modulation and channel coding scheme that 
25 provides the best user quality value, provided that the 

transmitter can produce the selected P^p^ without exceeding 
its P^. If the calculated P^p^ is higher than the P^, the 
system 10 sets the power of the transmitter at P^. on the 
other hand, if the calculated P^^ is less than the P„,„, the 
system 10 sets the power of the transmitter at P^„. Then, 
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for all condDinations of modulation and channel coding 
schemes, the system 10 calculates, block 107, the mean C/I ^ 
ratio using Equation 4: 

(4) mean C/I i= mean C/I +(Popn d,- P) . 

This step estimates a corresponding mean C/I i for each 
combination of modulation and channel coding scheme by 
taking into account the dynamic range of the transmit power 
between P^^ and P^i„. Once an optimum combination of 
modulation and channel coding schemes is selected, using for 
example, the steps described in blocks 805-811, the system 
10 transmits on a selected RF link using the optimum 
combination at the optimal power P^pt, blocks 109 and 11. 

Referring to FIG. 11, a graph of link performances 
of two combinations of modulation and channel coding schemes 
is shown to describe an exemplary power control scheme 
according to the above described aspect of the invention. 
At a given time t, the transmit power of the transmitter, 
which, for example, has a dynamic range between Pmi„=5 dBm 
and P„^=33 dBm, is assumed to be at Pt=2 0 dBm. The measured 
C/It ratio is assumed to be 8 dB. The target C/I^es ratio is 
determined that gives a desired user quality. For example, 
C/Ides ratio is 12 dB for the first combination (shown with 
Graph 1) , and it is 27 dB for the second combination (shown 
with Graph 2) . In order to achieve the C/I^ea ratio for the 
first and second combinations, the transmit power must be 
increased by 4 dB and 19 dB, respectively. Hence, for the 
first combination, P^p^ is equal to 24 dBm, and for the 
second combination P^pt is 39 dbm, which is beyond P^. in 
this case, the system 10 sets the transmit power to P^ of 
33 dBm and calculates the C/I ratio according to Equation 
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(4) . Based on the measured C/I ratio at P^^, a link 
providing the best user quality value is selected. 

From the foregoing it would be appreciated that 
the present invention significantly facilitates RF link 
selection process in systems that supports multiple 
modulation and coding schemes. By statistically 
characterizing RF links in terms of distribution and 
variances of link quality parameters, the present invention 
provides a more effective link selection process. In this 
way, the present invention improves communication quality of 
systems that support multiple combinations of modulation and 
coding schemes. 

Although the invention has been described in 
detail with reference only to a preferred embodiment, those 
15 skilled in the art will appreciate that various 

modifications can be made without departing from the 
invention. Accordingly, the invention is defined only by 
the following claims which are intended to embrace all 
equivalents thereof. 
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What is claimed is: 

1. In a communication system, a method for 
selecting a combination of modulation and channel coding 
scheme from a plurality of combinations of modulation and 
channel coding schemes comprising the steps of: 

measuring at least one link quality parameter 

of an RF link; 

calculating at least one channel 
characteristic measure based on the measured at least one 
link quality parameter; 

estimating user quality values for each one 
of the combinations of modulation and channel coding schemes 
based on the calculated channel characteristic measure; and 

selecting a combination of modulation and 
channel coding schemes on an RF link that provides the best 
user quality value. 

2. The method of claim 1, wherein the at least 
one link quality parameter is selected from one of a C/I 
ratio, BER, received signal strength, or time dispersion. 

3. The method of claim 1, wherein the step of 
calculating the at least one channel characteristic measure 
includes the step of calculating a variance of the at least 
one measured link quality parameter. 

4 . The method of claim 3 , wherein the step of 
calculating the at least one channel characteristic measure 
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includes the step of calculating a mean value of the at 
least one measured link quality parameter. 

5. The method of claim 1, wherein the step of 
estimating user quality values includes the step of mapping 
the at least one calculated channel characteristic measure 
with estimated user quality values of supported combinations 
of modulation and channel coding schemes, 

6. The method of claim 1, wherein the user 
quality values are estimated using simulation results or 
laboratory results. 

7. The method of claim 1, wherein the user 
quality values are estimated using results derived during 
normal operation of the communication system. 

8. The method of claim 1, wherein the user 
quality values include a user data throughput. 

9. The method of claim B, wherein the step of 
estimating user quality values includes the step of 

estimating block error rates. 

10. The method of claim 9, wherein the step of 
estimating user quality values includes the step of 
computing estimates of the user data throughput based on the 
estimated block error rates and nominal bit rates. 
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11. The method of claim 1, wherein the user 
quality values include speech quality values. 

12. The method of claim 11, wherein said step of 
estimating user quality values includes the step of 
estimating the speech quality values originating from the 
use of different speech coding schemes. 



10 



15 



13 . The method of claim 1 further including the 
step of determining an optimal transmit power for each 
combination of modulation and channel coding schemes based 
on the at least one measured link quality parameter, wherein 
the optimal transmit power is limited by a dynamic range of 
a power transmitter. 

14. The method of claim 13 further including the 
step of transmitting on the RF link at the optimal transmit 
power . 



15 The method of claim 1, wherein the step of 
selecting a combination of modulation and channel coding 
schemes is performed during idle states or wait states. 

16. In a communication system, a method for 
selecting a combination of modulation and channel coding 
schemes from a plurality of combinations of modulation and 
channel coding schemes comprising the steps of : 

communicating data using a non- transparent 
service over an RF link; 
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measuring at least one link quality parameter 

of the RF link; 

calculating at least one channel 
characteristic measure based on the at least one measured 
link quality parameter; 

estimating user data throughput for each 
combination of modulation and channel coding schemes based 
on the calculated channel characteristic; and 

selecting a combination of modulation and 
channel coding schemes of the RF link from the plurality of 
combinations of modulation and channel coding schemes that 
provides the best user data throughput. 

17. The method of claim 16, wherein the at least 
15 one link quality parameter is selected from one of a C/I 

ratio, BER, received signal strength, or time dispersion. 

18. The method of claim 16, wherein the step of 
calculating the at least one channel characteristic measure 
includes the step of calculating a variance of the measured 
at least one link quality parameter. 



20 



19. The method of claim 18, wherein the step of 
calculating the at least one channel characteristic measure 

25 includes the step of calculating a mean value of the at 
least one measured link quality parameter. 

20. The method of claim 16, wherein the step of 
estimating user quality values includes the step of mapping 

30 the calculated channel characteristic measure with estimated 
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user data throughput of supported combinations of modulation 
and channel coding schemes. 

21. The method of claim 16, wherein the user data 
throughput is estimated using simulation results or 
laboratory results. 

22. The method of claim 16, wherein the user data 
throughput is estimated using results derived during normal 
operation of the communication system. 

23. The method of claim 16, wherein said step of 
estimating user data throughput includes the step of 
estimating block error rates and computing user data 
throughput based on the estimated block error rates and 
nominal bit rates. 

24 . The method of claim 16 further including the 
step of determining an optimal transmit power for each 
combination of modulation and channel coding schemes based 
on the measured link quality parameter and, wherein the 
optimal transmit power is limited by a dynamic range of a 
power transmitter. 

25. The method of claim 24 further including the 
step of transmitting on the RF link at the optimal transmit 
power. 
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26. A communication system that communicates 
over RF links that support different combinations of 
modulation and channel coding schemes comprising: 

means for measuring at least one link quality 
5 parameter of an RF link; 

means for calculating at least one channel 
characteristic measure based on the measured at least one 
link quality parameter; 

means for estimating user quality values 
0 based on the calculated channel characteristic and the 
corresponding combinations of the modulation and channel 
coding schemes; and 

means for selecting a combination of 
modulation and channel coding schemes on an RF link that 
S provides the best user quality value. 



20 



27. The communication system of claim 26, wherein 
the at least one link quality parameter is selected from one 
of a C/I ratio, BER, received signal strength, or time 
dispersion. 



28. The communication system of claim 26, wherein 
the means for calculating the at least one channel 

25 characteristic measure calculates a variance of the measured 
at least one link quality parameter. 

29. The communication system of claim 28, wherein 
the means for calculating the at least one channel 
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characteristic measure calculates a mean value of the 
measured at least one link quality parameter. 

30. The communication system of claim 26, wherein 
the means for estimating user quality values includes means 
for mapping the at least one calculated channel 
characteristic measure with the supported combinations of 
modulation and channel coding schemes. 

31. The communication system of claim 26, wherein 
the user quality values are estimated using simulation 
results. 



32. The communication system of claim 26, wherein 
the user quality values are estimated using results derived 
during normal operation of the communication system. 

33. The communication system of claim 26, wherein 
the user quality values include a user data throughput. 

34. The communication system of claim 26, wherein 
the means for estimating user quality values estimates block 
error rates , 



35. The communication system of claim 26, wherein 
the means for estimating user quality values computes 
estimates of the user data throughput based on the estimated 
block error rates and nominal bit rates. 
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36. The communication system of claim 26, wherein 
the user quality values include speech quality values. 

37. The communication system of claim 36, wherein 
the means for estimating user quality values estimates the 
speech quality values originating from the use of different 
speech coding schemes . 

38. The communication system of claim 36 further 
including a power transmitter for transmitting on the RF 
link and means for determining an optimal transmit power for 
each combination of modulation and channel coding schemes 
based on the measured link quality parameter, wherein the 
optimal transmit power is limited by a dynamic range of the 
power transmitter. 

39. In a communication system that provides for 
communication between a mobile station and a base station 
over uplink and downlink RF links, a method for selecting a 
combination of modulation and channel coding schemes from a 
plurality of combinations of modulation and channel coding 
schemes comprising the steps of: 

measuring at least one link- quality parameter 

of an RF link at the base stations- 
calculating at least one channel 

characteristic measure based on the measured link quality 

parameter at the base stations- 
estimating user quality values for each one 

of the combinations of modulation and channel coding schemes 

based on the calculated channel characteristic and the 



wo 99/11304 



PCT/SE98/01538 



38 

corresponding combinations of the modulation and channel 
coding scheme supported at the base station; and 

selecting a combination of modulation and 
channel coding schemes on the RF link that provides the best 
user quality value. 

40. In a communication system that provides for 
communication between a mobile station and a base station 
over uplink and downlink RF links, a method for selecting a 
combination of modulation and channel coding schemes from a 
plurality of combinations of modulation and channel coding 
schemes comprising the steps of : 

measuring at least one link quality parameter 
of an RF link at the mobile station; 

calculating at least one channel 
characteristic measure based on the at least one measured 
link quality parameter at the mobile stations- 
reporting the calculated channel 
characteristic measure to the base station; 

estimating user quality values for each one 
of the combinations of modulation and channel coding schemes 
based on the calculated channel characteristic and the 
corresponding combinations of the modulation and channel 
coding scheme supported at the base station; and 

selecting a combination of modulation and 
channel coding schemes on the RF link that provides the best 
user c[uality value. 



wo 99/12304 



PCT/SE98/01538 



39 

41. In a communication system that provides for 
communication between a mobile station and a base station 
over uplink and downlink RF links, a method for selecting a 
combination of modulation and channel coding schemes from a 
plurality of combinations of modulation and channel coding 
schemes comprising the steps of: 

measuring at least one link quality parameter 
of an RF link at the mobile station; 

calculating at least one channel 
characteristic measure based on the at least one measured 
link quality parameter at the mobile stations- 
estimating user quality values for each one 
of the combinations of modulation and channel coding schemes 
based on the calculated channel characteristic and the 
corresponding combinations of the modulation and channel 
coding scheme supported at the base station; and 

selecting a combination of modulation and 
channel coding schemes on the RF link that provides the best 
user quality value. 
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